Objective: The objective of this study was to compare snare vs the standard retrograde gate cannulation method during endovascular aneurysm repair to determine the most efficient technique and to evaluate whether time was affected by graft design or the surgeon's experience.
Results: A total of 101 patients were included. Average age was 75.3 years, and 82% were male; 49 patients were randomized to snare and 52 to retrograde cannulation. The groups were overall similar. Median cannulation times were 3.9 minutes for the snare and 2.7 minutes for the retrograde technique (P ¼ .13). The snare group attempts were successful within the initial 15-minute period in all but one patient (98% success). In the retrograde group, 5 of the 52 (10%) crossed over to snare. This difference did not reach statistical significance (P ¼ .11). A difference was seen in the extremes of cannulation times. The surgeon's experience and graft design were not found to have significant effects on cannulation times. Further analysis of the retrograde group patients with long cannulation time found a relative breakpoint at the 5-minute mark. In those exceeding this time mark, the chance of eventual cannulation within 15 minutes dropped to 67%. In this group, median time to cannulation was 12.2 minutes for retrograde compared with 7.1 minutes for snare after crossover.
Conclusions: Gate cannulation was successful using both methods with no statistical difference between the two in median time. Retrograde cannulation was found to be more likely to have short times. If cannulation by retrograde technique had not been achieved in the first 5 minutes, the chances of eventual success dropped significantly, and crossover to snare was more efficient. This finding suggests that one should consider an alternative method of gate cannulation if it has not been accomplished within this time. (J Vasc Surg 2017; 66:387-91.) The first endovascular aneurysm repair (EVAR) was performed in 1991. 1 Since that time, the rapid advancement of technology with respect to stent graft design and techniques of deployment has led to improvement in outcomes and durability. This has led to recognition of EVAR as frontline therapy for infrarenal abdominal aortic aneurysm repair. gate cannulation is unsuccessful through a retrograde approach, one of the most commonly used backup mechanisms involves accessing the gate from the ipsilateral side with the use of an "up-and-over" catheter. After the wire is passed down the contralateral limb, it is snared from the contralateral groin access. This method, however, has the drawback of requiring early deployment of the ipsilateral limb.
The authors set out to determine whether starting initially with the snare method would reduce the amount of time needed to cannulate the gate, thereby making the procedure more efficient by minimizing radiation dose, contrast material volume, and procedure length. Furthermore, the effect of different stent graft designs and the surgeon's experience would be evaluated to see how that may contribute to the gate cannulation method outcomes.
METHODS
This was a single-center, prospective, randomized study. Institutional Review Board approval was obtained through the hospital board. All patients undergoing elective EVAR with a standard commercially available modular design stent graft who could provide consent were considered for the study. A separate study-specific consent was obtained from all patients enrolling. Urgent or emergent EVAR patients were excluded from the study. Patients involved in another device trial were not considered for enrollment. Stent graft selection for a given patient was left to the individual surgeon's discretion. All cases were performed in a hybrid operating room with fixed imaging.
The primary end point of the study was to see if a difference existed in gate cannulation times between the retrograde and snare methods. The study was powered at 90% with a 5% a error. Initial time estimates were made for the retrograde (10 minutes with a standard deviation of 10 minutes) and snare (5 minutes with standard deviation of 5 minutes) cannulation to determine a sample size adequate to show a difference. One hundred patients were determined to be adequate.
Before initiation of the study, a group of envelopes was created by the statistician designating the cannulation method in 1:1 ratio. The study coordinator selected an envelope for each patient randomly at the time of enrollment in the preoperative area. The envelopes were opened intraoperatively at the time of deployment of the main body of the stent graft. A timer was initiated for both techniques at the point that the positioning marker catheter was pulled back from its pararenal position. After randomization, the initial gate cannulation method was attempted for a period of 15 minutes. If it was unsuccessful during this time, a crossover to the alternative method was attempted. The study terminated at 15 minutes in the crossover arm if it was still unsuccessful. The timer was ultimately stopped when the gate had been successfully cannulated.
Data points collected included patient demographics, time to successful cannulation, fluoroscopy time, radiation dose, aneurysm/gate measurements, gate orientation, physician experience, equipment used for cannulation, specific stent graft used, and any adverse events associated with the cannulation procedure.
Statistical analysis was performed on the data collected; for the purpose of this study, continuous variables were expressed as mean 6 standard deviation and categorical variables as frequencies and percentages. Gate cannulation times, fluoroscopy times, and radiation doses were assessed for normality; if found to be normally distributed, independent t-tests were used to test for differences between the two groups. When found to be not normally distributed, the data were transformed to achieve normality before performing the t-tests. P values were two tailed and set at .05 to assess for statistical significance. All analyses were performed using Stata version 11.1 (StataCorp, College Station, Tex).
RESULTS
A total of 101 patients were included in the study. Average age was 75.3 6 8 years, and 82% were male; 49 patients were randomized to snare and 52 to retrograde cannulation. The groups were overall similar with respect to age, gender, size, and experience of the surgeon, along with procedural and anatomic factors (Table I) . Aortic lumen at the gate was found to be larger in the retrograde group and was the sole statistically significant factor difference between the two groups.
Overall median cannulation times were 3.9 minutes for the snare and 2.7 minutes for the retrograde technique (P ¼ .13). In the snare group, the cannulation attempt was successful within the initial 15-minute period in all ARTICLE HIGHLIGHTS 
but one patient (98% success rate). In the retrograde group, 5 of the 52 (10%) crossed over to snare. The difference in overall cannulation success did not reach statistical significance (P ¼ .11).
However, with respect to extremes on the time mark for cannulation, there was a difference seen (Table II) . Retrograde cannulation had a higher rate of cannulation within 1 minute at 21% compared with 4% for snare (P ¼ .010). This difference persisted when the time mark was moved out to 2 minutes as well, with success in 42% of the retrograde patients vs 23% of the snare group (P ¼ .033). Although it did not reach statistical significance, there was a trend toward higher rates of long cannulation times in the retrograde group as well (P ¼ .060). Regardless of the difference in cannulation times, the overall fluoroscopy time and radiation dose did not differ significantly between the groups. The surgeon's experience (Table III) and graft design (Table IV) were not found to have significant effects on cannulation times.
Further analysis of the retrograde group selecting out the patients with long cannulation time found a relative breakpoint at the 5-minute mark (Table V) . In those exceeding this time mark, the chance of eventual cannulation within 15 minutes dropped to 67%. In this selected group, median time to successful cannulation was Continuous data are presented as mean 6 standard deviation or median (interquartile range), and categorical data are presented as number (%). Continuous data are presented as median (interquartile range), and categorical data are presented as number (%).
12.2 minutes for the retrograde technique compared with 7.1 minutes for snare after crossover.
DISCUSSION
In this study, there was no difference found in overall cannulation times between a typical retrograde approach and a snare method from the contralateral groin. As could be expected, the cannulation times on the extreme short end of the spectrum were from the retrograde group. This group was also associated with more overall failures, however, and cannulation times on the long end of the spectrum. The snare method was reliable overall, with 98% success even in difficult anatomy, and most of the times it remained in the middle of the spectrum with few times on either end of the extremes.
Several important steps have been identified as key to successful and durable EVAR, including selection of patients, proper sizing/planning, and careful attention to detail during the operation. The majority of currently available stent grafts have a modular design necessitating cannulation of the short limb of the graft. In these cases, gate cannulation and confirmation of wire position within the graft remain the most critical and technically challenging steps of the procedure itself.
To our knowledge, there has not been any comparison of the different cannulation methods to this point. Others have looked at ways to make retrograde cannulation more efficient, including gate position at deployment and increasing the size of the gate opening. 5 However, the overall efficiency between the different methods has not been reviewed. The premise for the study was that if difficult gate cannulation occurs regularly enough, from situations such as difficult iliac anatomy or large aneurysm size, 6 perhaps routinely starting with a snare method would be more efficient overall. This would avoid the additional time, catheters, and radiation exposure associated with repetitive attempts before the decision is made to switch. The contralateral access approach for snare was chosen as it did not necessitate the addition of brachial access, which has been noted to have higher complication rates. 7 Several factors that could potentially play a role in the efficiency of gate cannulation, such as the surgeon's experience and graft design, were evaluated to ensure that no effect on the overall outcome was seen. The graft chosen was left to the surgeon's discretion to avoid any bias in the outcome related to a surgeon's unfamiliarity with the graft itself. The study groups were well matched for nearly all the factors reviewed with the exception of the aortic lumen size at the gate. This would be expected to make gate cannulation more difficult in the retrograde group but likely did not have a large effect on the outcomes, given that the actual difference in sizes seen (2.9 cm vs 3.4 cm) was small albeit statistically significant. No effect was seen on cannulation times in either group because of the surgeon's experience. This was of particular interest, given the wide spectrum of experience of the surgeons included in the study (1-26 years; mean, 10.7 years). This can be explained by the effect of training on younger surgeons who come out with good experience cannulating along with the fact that EVAR has been routine in practice now for long enough that the more senior surgeons without formal endovascular training have become facile with the techniques. Unsurprisingly, graft design also had no effect on cannulation times in either group.
Additional analysis of the retrograde group was performed, given the wide spectrum of times seen, to delineate whether a certain time point should prompt a switch to another method. Our findings suggest that if gate cannulation has not been successful using a retrograde approach by 5 minutes, another approach should be considered as eventual success falls significantly after these time points. This would be useful knowledge in clinical practice to avoid the added radiation exposure to the patient and operative team from continued attempts.
Limitations of the study were the single-center design and the small overall number of patients. To truly determine whether a difference in cannulation times exists would require a multicenter study on a larger scale.
CONCLUSIONS
Gate cannulation was successful using both methods with no statistical difference between the two in median time. Retrograde cannulation was found to be more likely to have short times. If cannulation by retrograde technique had not been achieved in the first 5 minutes, the chances of eventual success dropped significantly, and crossover to snare was more efficient. This finding suggests that one should consider an alternative method of gate cannulation if it has not been accomplished within this time. 
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